Mutations in the genes encoding polycystin-1 (PC1) and polycystin 2 (PC2) cause autosomal dominant polycystic kidney disease. These transmembrane proteins colocalize in the primary cilia of renal epithelial cells, where they may participate in sensory processes. PC1 is also found in the apical membrane when expressed in cultured epithelial cells. PC1 undergoes autocatalytic cleavage, producing an extracellular N-terminal fragment that remains noncovalently attached to the transmembrane C-terminus. Exposing cells to alkaline solutions elutes the N-terminal fragment while the C-terminal fragment is retained in the cell membrane. Utilizing this observation, we developed a "strip-recovery" synchronization protocol to study PC1 trafficking in polarized LLC-PK1 renal epithelial cells. Following alkaline strip, a new cohort of PC1 repopulates the cilia within 30 minutes, while apical delivery of PC1 was not detectable until 3 hours. Brefeldin A (BFA) blocked apical PC1 delivery, while ciliary delivery of PC1 was BFA insensitive. Incubating cells at 20 C to block trafficking out of the trans-Golgi network also inhibits apical but not ciliary delivery. These results suggest that newly synthesized PC1 takes distinct pathways to the ciliary and apical membranes. Ciliary PC1 appears to by-pass BFA sensitive Golgi compartments, while apical delivery of PC1 traverses these compartments.
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| INTRODUCTION
The primary cilium is a specialized organelle that protrudes from the plasma membranes of most sedentary somatic cells. Primary cilia are built around a central cytoskeletal structure composed of a nonmotile 9 + 0 microtubule bundle that is referred to as the ciliary axoneme. 1 In polarized epithelial cells, such as those that line the renal tubule, the primary cilium arises from the apical domain of the plasma membrane.
The primary cilium plays roles in mechano-and chemosensation, as well as serving as the functional nexus for multiple signaling pathways.
Mutations in proteins found in the primary cilium cause ciliopathies, a class of genetic disorders that are often characterized by the presence of renal cysts and that also manifest additional phenotypes such as neural tube defects, retinal malformations and polydactyly. is a 450 kDa protein with a large extracellular N-terminal domain, 11 predicted membrane-spanning domains and a 200 amino acid long cytoplasmic C-terminal tail. 4, 5 PC1 localizes to desmosomes, adherens junctions, the ciliary membrane, the apical membrane and the lateral domain of epithelial cell plasma membranes. [6] [7] [8] [9] [10] Characterized pathogenic mutations in PKD1 can result in the production of decreased quantities of PC1 protein, or can produce PC1 protein that does not accumulate in at least one of its sites of functional residence. 6, 10, 11 Little is known, however, regarding the pathways and mechanisms that govern the trafficking of PC1 to each of these membrane domains.
During the course of its post-translational maturation and function an individual PC1 molecule may be modified by one or more cleavages: N-terminal cis-autoproteolytic cleavage at the G proteincoupled receptor proteolytic site (GPS) domain located just prior to the first transmembrane domain, and C-terminal cleavages that remove part or all of the cytoplasmic tail. 12 The N-terminal GPS cleavage occurs early in the secretory pathway and the liberated Nterminal domain, which comprises~3000 residues, remains noncovalently attached to the membrane-bound~150 kDa C-terminal fragment (CTF). 12 The N-terminal cleavage is functionally critical. It appears to be required in order for newly synthesized PC1 to depart the endoplasmic reticulum (ER). 13, 14 Mice expressing a mutant form of PC1 that is uncleavable at the N-terminal GPS site do not traffic the PC1 protein appropriately and develop severe renal cysts. 15, 16 The Cterminal tail of PC1 contains a nuclear localization sequence (NLS) that targets some of the C-terminal cleavage fragments to the nucleus, where they can participate in modulating the activities of transcription factors. 9, [17] [18] [19] [20] PC2 is a nonselective, calcium permeable member of the trp family of cation channel with six transmembrane domains. It is most abundantly localized to the ER 21, 22 and is also expressed in the primary cilium. PC1 and PC2 form a complex that is stabilized by interlocking coiled-coil domains present in each of their intracellular C-termini, 23, 24 and they are thought to interact in this fashion in the primary cilium.
The PC1 and PC2 complex appears to participate in several processes, including calcium signaling, mechano-and chemosensation, and the modulation of signaling cascades such as the JAK/STAT, AP1 and the Wnt pathways. 25 The interaction between PC1 and PC2 governs aspects of the function and the localization of both proteins. 13, 16, 23, [26] [27] [28] [29] Cilia contain a unique group of resident membrane and soluble proteins, and the delivery of these proteins into the cilium is thought to be a tightly regulated, multistep process that begins with the docking of cargo-carrying vesicles to elements of the BBSome protein complex at the base of the cilia. 30 Ciliary proteins then travel through a transition zone at the base of the cilium that appears to serve as a selectivity filter that participates in determining which proteins can enter and exit the cilium. Proteins that are permitted to pass through the transition zone subsequently traffic along the ciliary axoneme, which serves as the scaffolding on which the molecular motor-driven intraflagellar transport of selected ciliary proteins takes place. 31 Proteins that are targeted to the apical plasma membrane are generally believed to be delivered through the classical secretory pathway. [32] [33] [34] In the case of apical proteins, this pathway involves sequential, transient residence in the ER and the Golgi complex, after which they may pass through one or more endosomal compartments, including the common or apical endosomes, or apical early endosome, en route to the apical plasma membrane. 35, 36 An interesting subset of cell surface and ciliary proteins, however, appear to utilize a Golgibypass pathway that either completely avoids the Golgi complex or that involves distinct patterns of residence in or transit through Golgi subcompartments. 32,33,37 PC2, for example, appears to follow a route to the cilium that includes passage through the cis-Golgi compartment but bypasses the medial and trans-Golgi compartments. [37] [38] [39] Efforts to characterize these nonclassical, Golgi-independent protein trafficking pathways often employ Brefeldin A (BFA), a fungal metabolite that prevents the assembly of the COPI coat complexes necessary for the anterograde trafficking of proteins between the ER and Golgi complex. 40 While BFA treatment blocks anterograde movement of proteins out of the ER, it allows retrograde movement back into the ER, effectively leading to a merger of the cis-and medial
Golgi compartments with the ER. 41 BFA treatment also induces the merger of the trans-Golgi compartment with the recycling endosomal system but does not impair the cycling of proteins between the plasma membrane and the endosomes. 42 In addition, protein trafficking though the Golgi complex in mammalian cells can also be blocked by incubating cells at 20 C. [43] [44] [45] The mechanism through which this 20 C treatment reversibly blocks Golgi trafficking through the trans- Figure 1B) . Furthermore, the N-terminal fragment that is released by the alkaline stripping procedure can be detected in the media by immunoprecipitation followed by western blotting ( Figure S1 in Appendix S1, Supporting Information). Thus, this stripping protocol does not produce its effects on the Flag signal by damaging the FIGURE 1 The extracellular N-terminal fragment of PC1 can be removed by alkaline stripping from the transmembrane portion of the protein.
(A) Surface expression of PC1 was detected at the apical and ciliary membranes of LLC-PK1 cells stably expressing both PC1 and PC2 through application of a surface immunofluorescence protocol utilizing an anti-Flag antibody to detect the extracellular Flag epitope on the N-terminus of PC1. LLC-PK1 cells stably expressing PC1 and PC2 were "stripped" for 45 minutes at 4 C in a buffered solution with a pH of 9.5 to remove the Flag-tagged N-terminus. Incubation with stripping buffer caused a dramatic decrease in the amount of protein detected by the extracellular application of the anti-Flag. When cells were allowed to incubate for 7 hours after the stripping procedure, the extracellular Flag signal recovered at both the ciliary and apical membranes (upper panels). Fixed and permeablized cells were incubated with an antibody directed against acetylated tubulin to visualize cilia morphology and length, which were not affected by incubation in an alkaline solution. (lower panels) (B) PC1 was detected using an antibody directed against the HA epitope at PC1's intracellular C-terminal tail (lower panel). The alkaline stripping protocol did not decrease the magnitude or distribution of the signal associated with the PC1 C terminus. (C) Quantitation of PC1 N-terminus surface expression as a function of strip conditions. Extracellular Flag staining for apical and ciliary PC1 is significantly reduced following strip at pH 9.5 and exhibits a significant recovery following incubation for 7 hours in control media. (Apical panel: *P < 0.04; **P < 0.0034; cilia panel: * P < 0.025; **P < 0.013.) All scale bars correspond to 25 μ. N = 3 membrane or extracting its population of PC1, but instead it causes the noncovalently associated pool of Flag-tagged PC1 N-termini to become detached from their C-terminal membrane domains. The antiFlag immunofluorescence signal from PC1 molecules at the apical plasma membrane was essentially completely removed following strip, while a small signal remained at the base of the primary cilium ( Figure 1A ,B). This observation suggests either that the stripping of the PC1 N-terminus is less efficient when PC1 is integrated among the densely packed proteins of the cilium or that a small portion of the ciliary pool of PC1 does not undergo cleavage at the GPS site. (data not shown). Finally, to assess whether the alkaline stripping protocol affects the delivery or recycling of other apical membrane proteins, we used wheat germ agglutinin (WGA) conjugated to two different fluorophores to examine the surface delivery and recycling of a broad cross section of apical membrane proteins. Cells were exposed to the alkaline stripping medium or to control medium, after which they were incubated with WGA-594 to label apical surface glycoproteins. After washing away unbound WGA-594, cells were incubated for 0 minutes or for various time intervals at 37 C and then exposed to WGA-488 to label WGA binding sites that were not blocked by WGA-594 and that thus represent newly-delivered apical glycoproteins. As expected, no WGA-488 labeling was detected after 0 minutes of incubation ( Figure S2 in Appendix S1), whereas after 3 hours there was abundant WGA-488 labeling that was equivalent in both the alkaline stripped sample and the un-stripped control. Furthermore, the signal associated with internalized WGA-594 was the same in both samples. Thus, the alkaline stripping procedure does not appear to perturb the delivery or recycling of a large population of apical membrane proteins.
|
2.3 | Ciliary delivery of PC1 is BFA insensitive, while apical PC1 delivery is inhibited by BFA treatment
The ability to identify readily a temporally defined pool of PC1 molecules following their delivery to the plasma and ciliary membranes provided us with the ability to investigate the trafficking pathways that PC1 takes to these destinations. Cells treated with BFA for 2 hours before being subjected to alkaline stripping and throughout the subsequent recovery period exhibited a restoration of anti-Flag antibody surface immunofluorescence signal at the ciliary membrane, but not at the apical plasma membrane ( Figure 3A ). At no point during recovery did we find that the appearance of PC1 in the ciliary membrane was preceded by the accumulation of PC1 at the apical membrane. To determine whether the recovery observed in control media as well as the recovery detected in BFA media were attributable to the delivery of newly synthesized protein, we repeated the striprecovery experiment in the presence or absence of the protein synthesis inhibitor Cycloheximide (CHX). Cells were pretreated with CHX for 2 hours, stripped, and allowed to recover in CHX media ( Figure 3B ). CHX treatment completely abolished apical recovery, whereas weakly detectable (but not statistically significant) PC1 ciliary recovery was reproducibly observed. This observation suggests the possible existence of a small presynthesized pool of PC1 in an intracellular compartment that is able to repopulate specifically the ciliary pool of PC1. It is also possible, however, that because the apical membrane is much larger in surface area compared to the ciliary membrane, a small amount of PC1 recovery to apical membrane under CHX conditions was below the detection threshold of our quantitative analysis. These data are quantitated in Figure 3C . It is important to note that magnitude of the recovery in the ciliary signal that is observed in the presence of BFA is significantly higher than the ciliary recovery that is observed in the presence of CHX. These data indicate that the bulk of the BFA-insensitive ciliary recovery is comprised of newly synthesized PC1.
| Incubation at 20 C blocks apical delivery of PC1
In order to verify that the lack of apical recovery seen in the BFA strip-recovery experiment was attributable to the blocking of protein trafficking through the Golgi complex, we performed the strip recovery experiment in association with a 20 C block. Incubating cells at 20 C inhibits anterograde protein traffic out of the trans-Golgi network. 44, 45, 49 Cells were pretreated for 1 hour at 20 C, and allowed to recover post-strip at either 20 C or 37 C. We found that cells that were allowed to recover at 20 C exhibited reaccumulation of PC1-Flag staining in ciliary but not in apical membranes ( Figure 4A ,B).
These data are consistent with those of the BFA experiment and suggest that blocking trafficking through the Golgi complex prevents apical but not ciliary PC1 delivery.
2.5 | The D511V mutant form of PC2 supports ciliary but not apical PC1 trafficking PC1 and PC2 associate with one another and colocalize to the primary cilium, 8 where they are thought to form a heteromeric ion channel complex. 23 To investigate the effect of the channel activity of PC2 on the plasma membrane trafficking of PC1, we performed the strip recovery protocol with an LLC-PK1 cell line expressing WT PC1 as well as PC2-D511V, a naturally occurring pathological mutation of PC2 that lacks ion channel activity. 50 When expressed in association with PC1 in LLC-PK1 cells, the D511V protein is detected in cilia, as has been reported in a previous study. 51 Levels of cytoplasmic PC1 in the PC2-D511V cell line were comparable, as assessed by immunofluorescence, to those in cells expressing WT PC2. While PC1 was detected by surface immunofluorescence in the cilia in the PC2-D511V-expressing cells, no apical PC1 was detectable in these cells ( Figure 5A ). Though the magnitude of the ciliary PC1 signal is reduced by a factor of 1.9 in PC2-D511V-expressing cells as compared to that detected in their wild type counterparts ( Figure 5B ), the signal associated with the apical pool of PC1 in these cells is reduced to below our limit of detection. To assess whether the fold reduction in the apical signal in these cells is greater than the fold reduction in the ciliary signal, we examined the data from our strip-recovery experiments to define the quantity of apical signal that is seen in association with each level of ciliary signal throughout the course of the recovery.
Signal density in cilia was calculated using Image J by summing the total ciliary area per image and the total cilia-associated fluorescence signal density in the same image. Total ciliary fluorescence signal was then divided This observation suggests the interesting possibility that PC2's channel activity is required for the apical but not the ciliary delivery of PC1.
| The PC1 NLS is not required for its ciliary localization
Recently, components of the nuclear pore complex have been detected at the base of the primary cilium. 52 It has been suggested that the presence of these nuclear pore proteins at the base of the primary cilium may regulate the delivery of at least some soluble and membrane proteins to the cilium. 53 Other studies indicate that the ciliary population of nuclear pore proteins may not participate directly or structurally in forming the barrier that controls protein diffusion into the cilium. 54, 55 In the case of RP2, a membrane-associated protein that localizes to the cilium, entry of the newly synthesized protein into FIGURE 3 BFA treatment inhibits PC1 delivery to the apical plasma membrane but not to the cilium. (A) and (B) LLC-PK1 cells stably expressing PC1 and PC2 were subjected to the alkaline stripping protocol to remove the Flag-tagged PC1 N-terminus, and then allowed to recover for 7 hours. Cells treated with BFA (A) or CHX (B) received drug treatment for 2 hours preceding strip, and during the 7 hours of recovery. Anti-Flag antibody staining is presented in a z-stack of confocal images counter-stained with anti-acetylated tubulin to identify the cilia. (C) Quantification of average pixel intensity of n = 300 cilia (left panel) shows ciliary recovery in control conditions and cells treated with BFA. Significant apical recovery (right panel, *P < 0.05) was detected under control conditions, but not in cells treated with BFA. No significant apical recovery was detected in CHX-treated cells, but modest ciliary recovery persisted. All scale bars correspond to 25 μ. N = 3 the ciliary membrane requires the participation of Importin β2, a component of the nuclear import machinery. 56 The cytoplasmic C-terminus of PC1 contains an NLS that is necessary to drive the nuclear localization of one of its C-terminal cleavage fragments. 9 We wondered whether this NLS also plays a role in ensuring the ciliary localization of the full length PC1 protein. To test this possibility, we generated a PC1ΔNLS construct encoding mouse PC1 carrying the N-terminal Flag tag and the C-terminal HA tag and lacking the 21 amino acid residues that contribute to the C-terminal NLS (Leu 4124-Arg 4144). We generated an LLC-PK1 cell line that stably expresses both PC1ΔNLS and PC2. Analysis by western blotting using an antibody directed against the HA epitope tag revealed that the quantity of the PC1ΔNLS protein is similar to that observed for the wild type PC1 protein expressed in LLC-PK1 cells. Furthermore, like the wild-type PC1 protein, PC1ΔNLS undergoes cleavage at the GPS site to produce the~150 kDa CTF ( Figure 6A ). To assess whether the PC1ΔNLS protein is targeted to the cilium we performed the anti-Flag surface immunofluorescence protocol. As can be seen in Figure 6B , PC1ΔNLS is present in cilia, as evidenced by its colocalization with acetylated tubulin. Thus, the NLS present in the C-terminus of PC1 is not necessary in order for the PC1 protein to traffic in to the ciliary membrane.
| PC1 colocalizes with Rab1a
The observation that BFA inhibited the delivery of PC1 to the apical cell surface but had minimal effect on PC1 delivery to the cilium suggested that PC1 does not necessarily require transit through the medial Golgi before reaching the ciliary plasma membrane. The pericentrosomal IC plays a role in protein trafficking along the secretory pathway and is also thought to participate in transport that is BFA insensitive. 32 This compartment is organized around the centrosomal centrioles and is notable for the presence of the Rab1a GTPase. that it bypasses portions of the Golgi complex as it makes its way to the cilium. 37 Previous experiments have shown that PC2 ciliary trafficking is BFA insensitive but that ciliary PC2 protein exhibits Endo-H insensitivity, suggesting that PC2 traffics though cis-Golgi compartments upon trafficking to the cilium. 38, 39 Kim et al have shown that PC1 found in the cilia is Endo-H insensitive, suggesting that at least a portion of PC1 traffics through the cis-Golgi. 29 In addition, at least a portion of newly synthesized PC1 appears to colocalize with markers of the trans-Golgi network 57 and to assemble with components of the Golgi trafficking machinery. 29, 57 However, delivery of both PC1 and PC2 to the cilium appears to be insensitive to inhibition by BFA, suggesting that some or all of the ciliary populations of the PC1 and PC2
proteins may bypass the trans-Golgi complex during the course of their post-biosynthetic trafficking.
The evidence presented here, showing that PC1 can pursue multiple trafficking routes out of the TGN, is consistent with previous studies that find that the variety of options that are available to proteins en route to the cell surface may be more numerous than originally thought. In polarized epithelial cells, for example, multiple distinct vesicular carriers transport basolateral proteins to the basolateral plasma membrane and apical proteins to the apical surface. Each of these pathways manifests individual characteristics relating to their kinetic properties, inhibitor sensitivities and sites of delivery. [58] [59] [60] This multiplicity of pathways available is thus in concert with our observations that pools of PC1 can pursue divergent itineraries with different biochemical properties. The potential role of the PC2 channel activity in the process of the sorting of the PC1-PC2 complex is perhaps surprising and interesting. Previous studies show that the channel-dead D511V mutant form of PC2 supports the maturation and plasma
The NLS is not required for PC1 ciliary localization. (A) Western blot analysis of lysates from LLC-PK1 cells expressing PC1ΔNLS and PC2 using an anti-HA antibody shows that PC1ΔNLS is cleaved at the GPS site to produce the 150 kDa CTF. (B) Surface immunofluorescence using an anti-Flag antibody to detect the extracellular Flag epitope on the N-terminus of PC1ΔNLS reveals ciliary localization of this mutant protein, as shown by colocalization with the ciliary marker acetylated tubulin. All scale bars correspond to 25 μ FIGURE 7 PC1 partially colocalizes with Rab1a. LLC-PK1 cells stably expressing PC1, PC2 and GFP-tagged Rab1a were permeabilized and labeled for immunofluorescence using the anti-HA antibody. The GFP signal marking the Rab1a-positive trafficking compartment partially colocalized with PC1 (arrowheads). All scale bars correspond to 5 μ membrane delivery of PC1. 13, 28 The effects of the D511V mutant form of PC2 on the differential trafficking of PC1 among the plasma membrane and the cilium has not previously been explored in depth.
It is tempting to speculate that the channel activity of PC2 could alter the calcium concentration within the Golgi complex, which has been shown to modulate forward trafficking of secretory proteins. 61 Alternatively, the activity state of the channel may alter its conformation and thus affect its ability to interact with elements of the sorting and trafficking machinery.
Ciliary proteins, including polycystins, are thought to undergo a regulated and specialized process of importation though the ciliary transition zone. To date, several distinct ciliary targeting sequences (CTSs) have been identified, including RVxP on the C-terminus of PC2. 29, 62 However, little is known about the mechanism through which ciliary proteins are imported into the cilia from the transition zone. A number of studies have suggested that components of the nuclear pore complex and nuclear import machinery may participate in conducting at least some proteins across the ciliary transition zone. 52, 53, 56 Our data indicate that the NLS that is present in the Cterminus of the PC1 is not required in order to target PC1 to the cilium or to allow it to traverse the transition zone.
While both PC1 and PC2 appear to traffic along pathways that are at least partially Golgi-independent, it remains to be determined whether these two proteins are always transported together. Several
co-immunoprecipitation studies demonstrate that a portion of PC1
and PC2 populations can exist in a complex with one another. 23, 28 It has been suggested that the presence of PC1 allows PC2 to exit the ER and that PC2 enhances the GPS cleavage of PC1. 25 This effect of PC2 expression on PC1 GPS cleavage does not require the stable interaction of PC1 and PC2, suggesting that transient or indirect interactions between PC1 and PC2 may be sufficient to mediate this influence. 28 Recent studies clearly indicate that assembly of PC1 with PC2
and PC1 GPS cleavage are absolute prerequisites for the delivery of PC1 to the cilium. 13, 16, 29 Future studies that visualize the PC2 protein's appearance at the plasma membrane will be required to reveal whether PC1 and PC2 move in concert through the secretory pathway or pursue independent itineraries through intracellular processing compartments.
As noted above, there is a well-established connection between PC1 cleavage, localization and function. Autocatalytic cleavage at the GPS site appears to be important for establishing appropriate PC1 localization as well as for enabling the physiological function of PC1 in vivo. 14 This cleavage, potentiated by coexpression with PC2, is required for the delivery of PC1 to the plasma membrane. 19 The results presented here confirm that the vast majority of PC1 molecules present at the plasma membrane are cleaved at their GPS sites, since essentially all of the PC1 protein at the cell surface is susceptible to the alkaline stripping protocol that separates the products of the GPS cleavage, eluting the N-terminal fragment from the membraneassociated CTF. Both before and after alkaline stripping, we can detect PC1 in the cilium and at the apical plasma membrane using an antibody directed against the HA epitope at the C-terminus of our PC1 construct. These data indicate that a substantial portion of the cell surface population of PC1 has not undergone any C-terminal cleavages ( Figure 1B ). These C-terminal cleavages release soluble fragments of the PC1 cytoplasmic C-terminal tail that translocate to the nucleus and interact with transcription factors to modify gene transcription. 18, 20, 63 These cleavages may be affected by extracellular stimuli, since abrogating flow through a kidney increases the release and nuclear localization of these CTFs. 9, 63 Our data suggest that strip- cDNA plasmids encoding N-terminally FLAG tagged and C-terminally HA-tagged mouse PC1, C-terminally Myc-tagged mouse PC2 and Cterminally Myc-tagged PC2-D511V have been previously described. 22 The cDNA plasmid encoding N-terminally FLAG tagged and Cterminally HA-tagged mouse PC1ΔNLS was generated by deletion of the base pairs corresponding to amino acids Leu4124-Arg4144 from the plasmid encoding the full-length wild-type PC1. Selection for PC1 expression was performed with 1 mg/mL G418 (Gibco), while selection for stable PC2 expression was performed using 200 mg/mL Zeocin (Invitrogen). To generate LLC-PK1 cells stably expressing GFPtagged Rab1A, selection was performed using Hygromycin B (Invitrogen). The sequence encoding full-length canine Rab1A was cloned behind the sequence encoding eGFP. 47 The eGFP tag and Rab1A sequence were moved together into a pcDNA3.1 hygromycinresistant plasmid (Invitrogen) by subcloning at NheI and BamHI sites.
| Antibodies
PC1 was detected using a polyclonal rabbit anti-FLAG antibody and then incubated for 45 minutes at 4 C in alpha-MEM with pH adjusted to 9.5 (stripping buffer). Cells were then rinsed once with cold blocking buffer, once with warm media, and then incubated at 37 C in warm media, supplemented with compounds as specified, for the indicated times. After the recovery period, the cells were treated according to the surface immunofluorescence protocol as described above. Three control conditions were used for each strip experiment:
"control" cells were washed once with cold blocking buffer and then incubated with the anti-Flag antibody for surface immunofluorescence without being exposed to any stripping buffer. "Stripped" cells were incubated with the stripping buffer for 45 minutes, and subsequently washed with cold blocking buffer before being put directly into an incubation with anti-Flag antibody for the surface immunofluorescence protocol, without any recovery incubation in 37 C medium. "Strip-recovery" cells were subjected to the stripping protocol and subsequently incubated at 37 C for various intervals prior to antibody labeling. Drug-treated cells were incubated in 150 μg/mL cyclohexamide or 10 μg/mL BFA (Sigma-Aldrich) at 37 C for the indicated times. Cells were incubated with drugs for 2 hours prestrip, and maintained in "recovery" incubations for up to 7 hours post-strip before undergoing the surface immunofluorescence protocol.
| Image acquisition and quantification
Images were obtained with a Zeiss LSM780 confocal microscope.
Unless otherwise, noted all images, including those used for quantifi- 
